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DIATOMS OF CALCAREOUS TROPICAL SPRINGS
IN THE CENTRAL REGION OF MEXICO

Enrique A. CANTORAL-URTZA, Javier CARMONA-IIMENEZ and Gustavo MONTEJANO

Laboratorio de Ficologia, Facultad de Ciencias, UNAM. A P. 70-620, C.U. Coyoacén,
04510. México. D.F,

ABSTRACT — 57 species of diatoms (Baciilariophyceae) were found in four calcareous springs in
the central region of México. 6 belong to Centrales and 51 belong to Pennales. Information for each
species inciudes; general ecological characteristics, salinity, saprobity. pH, nutrients, temperature and
Krown geographical distribution in México. With respect to temperature, 24 of 31 species reported in
the literature coincided with our values (20-27° C, mesothermal or euthermal). 37 of 41 species with
published pH data have been reported as alkaliphilous, alkalibiontic or indifferent to pH, correspon-
ding Lo conditions in the Huasteca. With respect to salinity 23 of the 36 species are reported from low
salinity habitats (oligohalobous or halophilous). Lastly, with respect saprobily, 3§ specics with
reports in the literature has been found in habilats with low concentrations of organic matler
i b The i of these i

{0 £0sa; P and
tics o use the species as ecological indicators is discussed.

RESUME — 57 espéces de diatomées (Bacillariophyceae) ont ét¢ identifiées dans des sources
caleaires de 1 région contrale du Mexique. 6 de ces espéces appartiennent aux Centrales et 51 aux
Peanales. Pour chagueespé ion sui fournie : caractéristiques écologiques généra-
les, salinité, saprobité, pH. ¢ distribution gé au Mexique.
24 des 31 espéces mentionnées dans la liérature 'avaient 6té comme méso- ou euthermales {tempéra-
{ures du milieu concordant avec celles qui ont élé mesurées dans celte étude : 20-27° C). 37 des 41 espé-
ces pour fesquelles des données de pH du miliey avaient é1é publices, avaient étécité iphi
s, alcalibiontes ou indifTérentes au pH, ce qui correspond aux conditions observées au Huasteca. 23
des 36cspécesdont lecomportement visd vis dela salinité a éié publié ont été dansdes habi-
tats a faible - bes o iles). Enfin, 38 espéces ont é1é mentionnées dans ka littéra-
fure comme provenant de milieux présentant de faibles teneurs en matiére organique (més

i ¢ proph L importance de ces caractérigtiques pour Iutili
ces espéces comme indicateurs écologiques est discutée. (Traduit par la Rédaction)

KEY-WOR DS: Diatoms, freshwater. calcareous springs, Mexican tropics.

INTRODUCTION
Diatoms are orie of the most diverse groups in lotic environments of the central

region of México, und they are particularly evident in calcareous springs in the Huasteca
in the State of San Luis Potosi. Aside from constant input of water, little chemical
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20 E.A. CANTORAL-URIZA ef al.

variation, constant and low ations of organic matter, these springs
also have tropical temperatures. On the other hand, high concentrations of carbonates in
the water make these springs quite unique biotopes. Current velocity, illumination and
substrate type play an important role in the establishment of algal communities (Carmona
& Montejano, 1993}, Most worldwide studies in this habitat refer to thermal springs and
only & few to cold or infiltration springs. The latter habitats have been descrited in Europe
and the USA by Whitford (1956), Margalef (1977), Golubi¢ (1967}, Dary & Wayne (1968),
Hynes (1970) and Round (1973; 1984). The goal of the present study is to compare the
environmental conditions of the diatoms found in Huasteca with those of previous
studies, and to better understand the range of ecological requirements of each species and
evaluate ils potential as an ecological indicator.

MATERIALS AND METHODS

Study sites are located in the low Panuco Basin, in an area called the Huasteca in
the state of San Luis Potosi. This area is at the northern limit of the neotropical region
between 10(°20-98°30° LW and 22°50"-21°10" LN, at and altitude between 60-500 m a.s.1.
{INEG], 1985). The prwdlml climate is warm and humid with abundant sumrmer rains
{Garcia, 1973). The vegeta is tropical forest {Puig, 1991). The
Huasteca is a geols Uy & region with i substrate.
As a consequence of its geological origin, there are numerous caves, springs and waterfalls
with travertine as the main substrate. Water temperature varies between 20-27° C. The pH
varies between 7 and 8. The springs we studicd are Nacimiento E) Salto, Choy. Huichi-
huayan and Puente de Dios (Fig. 1).

Samples were collected from [984-1989 coveting the rainy and dry seasons.
Fragments of rock with visible algal growths were chipped ofl or the growths were
collected with a spatula, The material was fixed in 4 % formaldehyde and deposited in the
Herbarium of the Faculty Science, UNAM (FCME). Temperature, pH and conductivity
were taken with  Jeaway 3405 clectrochemical analyzer. Alkalinity was measured using
the phenolftalein and methyl orange indicator method (Taras ez al., 1971) (Tab. 1).

Locality Temperatise pH Conductivity Alalinity
0 (uscnt’) (g I CaC0Oy)

Nacimiento 2327 778 800-1320 472

El Salto

Naciiento del 2627 716 9001128 460

Choy

Nacimiento de 2022 712 260-300 336

Hivehihuayan

Nacimierto de 252 780 500-1700 450

Puertte de Dios

Table 1. Physical and chemical characteristics of study localities.

Frustuies were cleaned following Rushfonh Kaczmarska & Johansen (1984),
and mounted with Na resin, Si ’s (1979) classifi was used and Hus-
tedt (1927-1930, 1930, 1931-1959); Sieminska (1964); Patrick & Reimer (1966, 1975);
Germain (1981); Sarode & Kamat (1984); Schoeman & Archibald (1986); Krammer &
Lange-Berlalot (1986, 1988, 1991a, 19911}, were used for species identification,
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DIATOMS OF MEXICAN CALCAREOUS TROPICAL SPRINGS 21

For each species the following information is given: range of dimensions and
taxonomic comments when necessary; locality; ecological data; literature data on alkali-
nity: {(pH). salinity (hs), saprobity (ss), nutrients (ns), current spectrum (cs), gencral
habitat (gh), specific habitat (sh) and temperature (ts); distribution in México. Saprobity,
salinity, alkalinity and temperature of our samples were compared following Lowc’s
(1974) proposed system (Tab. 2). Whitford (1956); Patrick & Reimer (1975); Sladégek
(1973); Sladedek er al. (1981); Aboal (1989, 1989b); Round et af. (1990) and Krammer &
Lange-Bertalot {op. cir), were the main sources for environmental information.

RESULTS

Fifty seven species were identified for the four springs studied. 6 taxa belonged to
Centrales and 51 to Pennales (35 species from Fl Salto, 11 species from Choy, 19 species
from Huichihuayan and 20 species from Puente de Dios).

CENTRALES

Thalassiosiraceae Lebour 1930, emend. Hasle 1973

Cyclotella meneghiniana Kiitzing 1844

Diameter 7-14.15 um; striae 8-9/10 um snooth margins.

Localities: Nacimiento El Salto.

Ecological data: Periphytic, epiphytic. T = 25.5° C, pH = 7,C=1300 pscm™.
Literature data: pH = iphi kalibi indiffe 1 hs = ol} b
philous; ss = mesosaprobic; cs = indiffcrent; river, gully, lake, pond, spring, salt
marsh; sh = euplanctonic, periphytic: epilithic; ts = euthermal, mesothermal. Conducti-
vity 400-20,000 ps em’!. Total phosphates 0.02-0.83 mg i
Reports from México: Michoacan (Patzeuaro. H i Patrick & Deevey, 1956);
Hidalgo (Huasca, San Miguc] Regla, Ortega, 1984; Chang, 1989); Yucatan (Sinchez,
1985); Central México {Metcalfe, 1985, 1988). San Luis Potosi (Cantoral, 1990, 1993;
Cantoral-Uriza & Montejano-Zurita, 1993); Morelos (Valadez, 1992); Pucbla (Tehuacéan,
Cuesta, 1993).

halo-

Melosiraceae Kiitzing 1844

Melosira lineata (Dillwyn) Agardh 1824

Diameter 11.2-16.3 pm; height of cell 6.7-6.88 um.

Localities: Huichihuayan, Choy.

Ecological data: Periphytic, unattached. T = 20-26° C, pH = 7-7.6, C = 300-800 ps em.
Literature data: hs = oligohalobous; gh = river, gully; sh = periphytic: attached,
Reports from México: San Luis Potosi (Carmona, 1993).

Source - MNHN. Patis



22 E.A. CANTORAL-URIZA et al.
PH spectrum ! Acidobiontic Below 5.5
Acidophilous Below 7
oH Neutral Am»nd 7
Alkaliphilous er 7
Alkalibiontic S hcunee wiIEE
Nutrient spectrum Eutrophic High
(nutrient concentrations) | Mesotrophic Moderate
B Oligotrophic Low
Dystrophic Rich in humic material
Halobion spectrum Polyhalobous Over 40,000
(salt congentrations, mg 1) | Euhalobous Murine forms 30,000 1o 40,000
Mesohalobous Brackish-water forms 500 to 30,000
i e 10,000 t0 30,600
hs beta 500 to 10,000
Oligoalobous Preshwater forms less than 500
halophilous Stimulated by small amonuts
indifferent “Tolerates small smounts
halophabous Docs not tolerates small amounts
Euryhadobous Broad ranges

‘Saprobien spectru
. (oitrogen heterotrophyc)

1 s

Polysaprobic 72:90° {x = §1°)*
Mesosaprobie

alpha range 5472 (x
beta range 36-54° (x = 45°
Oligosaprobic 18-36° (x
Saprophilic

Saproenous 0-18° (x = 9°)
Saprophabic

3%

)}
2%

Zone of degradation and putrefuction, oxigen absent
Zone wherc oxidation of organic loads is proceeding
e iy oo M) T

Weakes pollution in form ammonia compounds
e e
Poltuteds waters bt alo 1 coan walat habitats
Clean waters habitats also in polluted ones

‘Waters that have not been exposed to pollutants

Specific babitat

Euplanktonic

Current spectrum Limnobiontic Only standing waters

Limnophilous Standing water but may be found in runming water

- Indifferent Common in hoth Rowing and standing waters
Rheophilous Running water bul may be found in standing water
Rhcobiontic Only of running water

General habitat Mar ine Ooeans u

Estuarine AT ot e i
Lake Large inlad bodis of tendiy waters

2h Pond Smalt bodies of standing water
River Large srcams
Spring and stream Small stre
Aerophilous Norsubmerged habiate
Other Not listed above

Suspended in the water

Tychoplanktoric ‘Associated with periphytic or terrestial habitats
iphytic On substrate and submerged objets
cplpellc On mud
sh eplithic On rock
epidendric On wood
epiphytic On planis
epiznoic On animals
attached Normally sesil
unattached Normally “free”
Temperature spectrum | Euthermal  Warm.water, 30
ey esother Temperate-water, 15 10 30
Oigothermal Cold-water, Uto 15
Stenothermal No greater than §
s Metathermal E
Eurythetmal 15 or greater
Undesignated Not designated

Table 2. Ecological parameters (Lowe, 1974; Sladégek, 1973, 1981)
* = Sladécek, 1973, 1981,

Source - MNHN Paris




DIATOMS OF MEXICAN CALCAREQUS TROPICAL SPRINGS 23

Melosira undulata (Ehrenberg) Kiitzing 1844

Diameter 41.2-50 pm; height of cell 30-32 um, length line of puncta 18-22/10 pm,
Localities: Huichihuayan.

Ecological data: Periphytic, unattached. T = 21-21.5° C, pH =7.

Literatare data: gh = river.

Reports from México: San Luis Potosi (Carmona, [993).

Hemidiscaceae Hendey 1937, emend. Simonsen 1975

Actinocyclus normanii (Gregory ex Greville) Hustedt 1957

Diameter §27-135.5 pm; density of striae 4/10 pm.
Localities: Nacimiento EI Salto.

Fcological data: Periphytic, unattached. T = 25.5° C, pH
Literature data: hs = oligohalobous; ss = bic; e

7,€ = 1300 ps om™
; EReRTil
Reports from Meéxico: First report.

Eupodiscaceae Kiitzing 1849

Pleurasira laevis (Ehrenberg) Compére 1982

Length 74-87.12 um; width 48.9-60 pm.

Localities: Nacimiento El Salto, Puente de Dios.

Ecological data: Periphytic, epiphytic. T = 25-25.5° C, pH = 7,C= 1300 psom™.
Literature data: pH = alkaliphilous, ibiontic, indiffc B = bus, oligo-
halobus; ss = mesosaprobic; cs = rheophilous; gh = river, spring, estuaties, tropics dams;
sh = euplanktonic, periphytic; ts = cuthermal, mesothermal. Tn brackish water forming
large brownish masses. Conductivity 400-20,000 ps cm’!. Total phosphates 0.02-0.83 mg
1!, Brackish water.

Reports from México: Morelos (Valadez, 1992); Puebla (Tehuacan, Ibarra, 1992); San Luis
Potosi (Carmona, 1993),

Terpsinoe musica Ehrenberg 1841 (Fig. 2, a)

Length 100-130 pm; breadth 43.5-52.5 um in valvar view. Length 89.5-115 pm; breadth
(00-125 pm in girdle view.

Localities: Nacimiento El Salto, Puente de Dios, Huichihuayan, Choy.

Ecological data: Periphytic, epiphytic, epipelic, unattached. T = 20-27° C,pH = 7-8,C =
300-1500 ps cm’
Literature daf s = rheophilous: gh = river, spring, irrigation channel, natural wells,
aerophilous; sh = euplanktonic, periphytic; ts = mesothermal. Low level of organic
matter. Tropical distribution.

Reports from México: Hidalgo, Veracruz (Ortega, 1984); Yucatin (Sanchez, 1985); Puebla
(Tehuacan, Avila, 1985; Cuesta, 1993); Morelos (Valadez, 1992); San Luis Potosi (Car-
mona, 1993); Oaxaca (Tavera, Elster & Marvan, 1994).

Source . MNHN Pars



24 E.A. CANTORAL-URIZA et af.

PENNALES
Fragilariaceae Hustedt 1930

Fragilaria biceps (Kiitzing) Lange-Bertalot 1991

Length 510-586 pm; width 8.5-12.5 um; density of striae 6/10 ym in the center; 7/10 pm at
the poles.

Localities: Nacimiento El Salto.

Ecological data: Periphytic, unattached. T = 25.5° C, pH = 7, C = 1300 ps cm™".
Literature data: ss = mesosaprobic.

Reports from México: First report.

Fragilaria goulardii (Brébisson) Lange-Bertalot 1986

Length 73.5 uym; width 9-11 pm; density of striae 9/10 pm in the center, 10/10 um at the
poles.

Localities: Nacimiento El Salto.

Ecological data: Periphytic, unattached. T = 25.5° C, pH = 7, C = 1300 psom’
Literature data: no rcports.

Reports from México: First report.

Fragilaria capucina var. radians (Kiitzing) Desmaziéres 1825

Length 40.5 pm; width 2.88 um; density of striae 15/10 pm.
Localities: Puente de Dios.

Ecological data: Periphytic, unattached. T = 25° C, pH = 7.
Literatore data: pH = indil 58 = bic,
oligotrophic. Low conductivity.

Reports from México: San Luis Potosi (Carmona, 1993).

P T 5 15 =

Fragilaria uina (Nitzsch) Lange-Bertalot 1980

Length (113 pm) 210-311 pm (575 pm); width 5.4-9.5 pm (10.5 pm); density of striae
8-9/10 pm in the center and 8-9/10 pm at the poles.

Localities: Nacimiento El Salto, Puente de Dios, Huichihuayan, Choy.

Ecollogical data: Periphytic, epiphytic, epilithic. T = 20-27° C, pH = 7-8, C = 300-1500 ps
c

m
Literature data: longer and wider than the reporis of Patrick & Reimer (1975): 75-100 um
length, (50-350 prm) and 5-9 pm width; Germain (1981) reports up to 500 pm length. pH =
Ikaliphil ind hs = oli; indi ; euryt 588 = Sapro-
bie, oligosaprobic, saproxenos s = eutrophic; ¢s = indifferent; gh = river, spring,
irrigation channel, lakes, ponds, fossil sediments, aerophilous; sh = periphytic: epilithic,
epiphytic; ts = euthermal, mesothermal, oligothermal, eurythermal. Conductivity 400-
20,000 ps em'. Total phosphates 0.02-0.83 mg [,

Reports from México: State of México (Ixtlahuaca, Ehrenberg,1870); State of México
(Texcoco, Bradbury, 1971); Central México (Kusel-Fetzmann, 1973; Metcalfe, 1985,
1988); Valley of México (Flores-Granados, 1980; Chang, 1989); Guanajuato, Jalisco,
Michoacan, Oaxaca, Hidalgo (Ortega, 1984); Oaxaca (Figucroa, 1984: Tavera &
Gonzalez-Gonzalez, 1990): Yucatan (Sanchez, 1985); Puebla (Tehuacan, Avila, 1985,

Source - MNHN Paris
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1989; Navarro, 1988; Tbarra, 1992; Cuesta, 1993); Oaxaca (Tavera, Elster & Marvan.
1994); San Luis Potosi {Cantoral, 1990, 1993; Cantoral-Uriza & Montejano-Zurila,
1993); Moretos (Valadez, 1992).

Eunotiaceae Kiitzing 1844

[Eunotia praevupta var. bidens (Ehrenberg) Grunow 1843
Length 104.5-107 pm; width 13.75 pm; density of striae 14/10 um. Length/width 10:1-
12:1.

Localities: Choy.

Ecological data: Periphytic, unattached. T = 26-27° C, pH = 7-7.6,C = 800 s em’'.
Literature data: pH = acidophilous, iphilous; gh = phi fossil

natural wells. sh = cuplanktonic; ts = euthermal, mesothermal, Conductivity 400-
20,000 ps cm™'. Total phosphates 0,02-0.57 mg 1™,

Reports from México: State of México (Ehrenberg,1870); Texcoco (Bradbury, 1971);
Central México (Metcalfe, 1985, 1988): Yucatan (Sanchez, 1985); San Luis Potosi (Car-
mona, 1993).

Achnanthaceae Kiitzing 1844

Achnanthes inflata (Kiitzing) Grunow in Cleve & Grunow 1880 (Fig. 2, b, ¢}

Length 21-32 pm; width 8.6-10 pm; density of striae 10/10 pm; 10-12 puncta /10 pm.
Localities: Pucnte de Dios, Huichihuayan.

Ecological data: Periphytic, unattached. T = 20-26° C, pH =7-7.8,C=300 s em™
Literature data: pH = liphilous; hs = oligohalobous; ss = probic; cs = limno-
philous. rheophilous; gh = acrophilous, thick walls, waterfalls, streams, lakess, springs: sh
= tychoplanktonic, periphytic: epiphytic; ts = euthermal. Low level of organic matter.
Tropical species.

Reports from México: Puebla (Tehuacin, Avila, 1989; Cuesta, 1993); Morelos (Valadez,
1992); San Luis Potosi (Carmona, 1993); Qaxaca (Tavera, Efster & Marvan, 1994),

Cocconeis pediculus Ehrenberg 1838 (Fig. 2, d, €}

Length 22.56-25.3 um; width 19.68-20 pm; density of striae 19/10 um in the center and
19-20/10 um near of margins.

Localities: Nacimiento El Salto.

Fcological data: Periphytic, cpiphytic, epilithic. T = 25.5°C,pH =7, C = 1300 ps e
Literature data: pH = iphi hs = ol indifT 58S = ic

P us; cs = p! ; gh = river. spring, pond,
aerophilous, reedbed: sh = periphytic: epiphytic, epilithic. Calcareous waters.

Reports from México: State of Meéxico (Ortega, 1984); Puebla (Tehuacin: Avila, 1989;
Ibarra, 1992); Central México (Metcalfe, 1985): San Luis Potosi {Cantoral, 1990, 1993;
Cantoral-Uriza & Montejano-Zurita, 1993).

Souvrce - MNHN Paris
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C is placentula Ehrenberg 1838 var. placentula (Fig. 2, f)

Length 25-29 ym; width 11.56-20 ym; density of striae 20-22/10 pm in the center,
18-20/10 pm near the margins and 19-20/10 pm at the poles.

Localities: Nacimiento El Salto,

Ecological data: Periphytic, epiphytic. T = 25.5° C, pH = 7, C = (300 psem™,

Literature data: pH = indil » alkaliphi hs = oligohalobous, indi s curyhalo-
bous; ss = mesosaprobi hobi ; ¢8 = indi gh = river, lakes,
pond, spring, stream, irrigation channel, diatomaceous earth, estuaries, natural wells,
gully: sh = euplanktonic, tychoplaniktonic, periphytic, epiphytic, epilithic; ts = euthermal.
mesothermal. Calcareous waters. Low level of organic matter.
Reports fram México: Mich an (Pa Hutchi; Pairick & Deevey, 1956);
Tlaxcala (Quintana, 1961); State of México (Texcoco. Bradbury, 1970, 1971); Central
México (Kusel-Fetzmann, 1973); Guanajuato (Acimbaro, Ortega, 1984); Hidalgo, {Ato-
tonilco el Grande, Michoacén, Zinapécuaro, Ortega, 1984; Metcalfe, 1985, 1988); Yuca-
tan (Sdnchez, 1985); Puebla (Tehuacan, Novelo, 1985; Navarro, 1988; Laguna de Victoria,
Mendoza-Gonzilez, 1985); Oaxaca (Sierra de Juarez, Tavera & Gonzilez-Gonzalez,
1990); San Luis Potosi (Cantoral, 1990, 1993; Cantoral-Uriza & Montejano-Zurita,
1993).

Cocconeis pl

var. euglypta (Ehrenberg 1854) Grunow 1884

Length 15-18 pm; width 10-13 pm: density of striae 16-18/10 um in the center; puncta
14/10 pm.

Localities: Nacimiento E! Salto, Puente de Dios, Huichihuayan, Choy.

Ecological data: Periphytic, epiphytic. T = 20-27° C, pH = 7-7.6, C = 300-1500 psem
Literature data: pH = alkaliphi bs = oligohalot halophilous; ss = bi

s ses = b gh = lakes, river, pond. aerophilous; streams,
waterfalls, mud, river sediment, sulphurous spring; sh = euplanktonic, periphytic epiphy-
tic, epilithic; (s = euthermal, mesothermal. Conductivity 400-20,000 psem’'. Total phos-
phates 0.02-0.83 mg .

Reports from México: Michoacan (Ortega, 1984); Central México (Metcalfe, 1985, 1988);
Oaxaca (Tavera & Gonzilez-Gonzalez, 1990; Tavera, Elster & Marvan, 1994); Pucbla
{Tehuacan: Tbarra, 1992); San Luis Potosi (Carinona, 1993).

Cocconeis placentula var. lineata (Ehrenberg 1843) Van Heurck 1885 (Fig.
2,8h

Length 27-33 um; width 13.95-16 pm; density of striae 18-19/10 pm in the center,
16~17/10 pm near the margins, and 19-20/10 um at the poles.

Localities: Nacimiento El Salto.

Ecological data: Periphytic, epiphytic, epilithic. T = 25,5° C. pH =7, C = 1300 ps em™,
Literature data: Patrick & Reumer (1975) report a larger number of striae in the axial area
(19-23/10 pm). pH = iphil ; hs = oligohalot ; 88 = oli; i 2 ic:
cs = indifferent, rheophilous; gh = river: sh = periphytic, epiphytic: ts = euthermal.
Conduetivity 400-20,000 us cm™'. Total phosphates 0.02-0.83 mg "', High level of organic
matter,

Reports from México: Central México (Ortega. 1984; Metcalfe, 1985, 1988); San Luis
Potosi (Cantoral, 1993).

Source : MNHN Pars
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Naviculaceae Kiitzing 1844

Amphipleura lindheimeri Grunow 1862

Length 117-155 pm; width 22.5-25.5 pm.

Localities: Nacimiento El Salto.

Ecological data: Periphytic, unattached. T = 25.5° C, pH =
Literature data: hs = ofi b = bic; cs

= 1300 psem™.
bous; ss = P hilous.
Reports from Meéxico: Morelos (Valadez, 1992).

Amphipleura pellucida (Kiitzing) Kiitzing 1844 (Fig. 3, a)

Length 69.25-140 pm; width 7-9 um; density of striae 37-40/10 pm.

Localities: Nacimiento El Salto, Puente de Dios, Huichihuayan, Choy.

Ecological data: Periphytic, unattached. T = 7.8, C = 300-1300 pscm™.
Literature data: ss = oli bic, saprophaobic; cs =T hil gh = river, pond: sh =
periphytic. Frequently in brackish water.

Reports from México: Oaxaca (Navarro, 1988); San Luis Potosi (Cantoral 1990, 1993;
Cantoral-Uriza & Montejano-Zurita, 1993; Carmona, 1993),

Amphora copulata (Kiitzing) Schoeman & Archibald 1986 (Fig. 3,b)

Length 33-41.6 pm; width 6.8-9 um: width of girdle view 5.8-20 pm; density ol striae
9-10/10 pum; 10-11/10 pm at the poles.

Localities: Nacimiento El Salto.

Ecological data: Periphytic. unattached. T = 25.5° C.pH = 7,C= 1300 ps em™'.
Literature data: pH = iphilous, alkali ic, i hs = oligohalob halo-
philous, indifferent, curyhalobous; gh = pond, stream; sh = periphytic. High conductivity.
Reports from Meéxico: this taxon is cited A. ovalis (Ehrenberg) Ehrenberg var. fibyca
(Ehrenberg) Cleve, for Hidalgo, Jalisco (Ortega, 1984).

Amphora ovalis (Kiitzing) Kiitzing 1844

Length 43.5-50 pm; width 21.6-31.5 um: density ol striae 8-10/10 um.
Laocali Puente de Dios, Huichihuayan,
Ecological data: Periphytic, unattached. T = 20-25° C, pH =7, C=300psem’,
Literature data: pH = alkaliphilous, alkalibiontic: hs = oli 2 33 = ofi

bic; ¢s = rheophil indiffe ; gh = river, pond, thick wall, [ossil sediments,
estuaries, springs, alpine lakes; sh = euplanktonic, tychoplankionic, periphytic; ts =
euthermal.
Reports from México: Michoacén (Patzcuaro, Hutchinson, Patrick & Deevey, 1956); State
of México (Texcoco, Bradbury, 1970, 1971); Hidalgo, Jalisco (Ortega, 1984); Central
México (Meicalfe, 1985, 1988); Yucatan (Sanchez, 1985); Oanaca (Tavera & Gonzalez-
Gonzalez, 1990} Morelos (Valadez, 1992); Pucbla (Tehuacan, Cuesta, 1993); San Luis
Potosi (Carmona, 1993).

Capartogramma crucicula (Grunow ex Cleve) Ross 1963 (Fig. 3,¢)

Length 28.5-31 um; width 7.5-9.5 pm.
Localities: Nacimiento El Salto,

Source - MNHN Paris



28 E.A. CANTORAL-URIZA er al,

Ecological data: Periphytic, unattached. T =25.5° C, pH =7, C = 1300 us cm"".
Literature data: hs = mesohalobous; ¢s = rheobiontic, thermal waters; gh = river, lakes,
spring thermal; ts = euthermal.

Reports from México: San Luis Potosi (Cantoral, 1990; Cantoral-Uriza & Montejano-
Zurita, 1993).

Cymbella cymbiformis Agardh 1830 (Fig. 3, d)

Length 70-98.5 um; width 14.75-15.25 pm; density of striae 8/10 um in the center and
9/10 pm at the poles.

Localities: Nacimiento El Salto.

Ecological data: Periphytic, unattached. T = 25.5° C, pH = 7, C = 1300 pscm'.
Literature data: longer and wider than the reports of Patrick & Reimer {1975): 30-80 pm
by 9-15 pm. Hustedt (1930), reports up to 100 um length. pH = alkaliphilous, indifferent;
hs = oligohalobous; ss = hobic; ¢s = rheophilous; gh = rivers, spring, lakes; sh =
periphytic, cpiphytic; ts = euthermal. Low level of organic matter.

Reports from México: Hidalgo (Mineral del Monte, Real del Monte, Ortega. 1984);
Central México (Metcalle, 1985, 1988): San Luis Potosi (Cantoral, 1990, 1993; Cantoral-
Uriza & Montejano-Zurita, 1993).

Cymbella delicarula Kiitzing 1849

Length 17-47 pm; width 3-7 pm; density of dorsal striac 8-9/10 pm; venral striae 9/10 pm,
Localitics: Nacimiento El Salto.

Ecological data: Periphytic, epilithic, unattached. T =25.5° C, pH = 7, C = 1300 psem’,
Literature data: pH = acidophilous; ns = oligotrophic; gh = river, stream; sh = periphytic.
Reports from México: San Luis Potosi (Cantoral, 1990, 1993; Cantoral-Uriza &
Montejano-Zurita, 1993); Puebla (Tehuacén, Ibatra, 1992)

Cymbella gracilis (Ehrenberg 1843) Kiitzing 1844

Length 18.81-46 um; width 4-9 um: density of dorsal striac 12-16/10 um, and 8-18/10 um
at the poles, ventral valve with striae in central region 14/10 um.

Localities: Nacimiento El Salto.

Ecological data: Periphytic, epilithic, epiphytic. T = 25.5° C. pH = 7. C = 1300 psem!,
Literature data: pH = alkaliphilous; ss = saproxenous; gh = river, acid peat bog, lakes; sh
= euplanktonic, periphytic; ts = euthermal, mesothermal. Conduetivity 400-5000 ps cm'.
Total phosphates 0.57 mg¥'.

Reports from México: San Luis Potosi (Cantoral, 1993).

Cymbella hustedtii Krasske 1923 (Fig. 3, ¢)

Length 24.48-25.7 um; width 8.1-9.9 pum; density of strige 10-11/10 yum.
Lacalities: Nacimiento El Salto.

Ecological data: Periphytic. unattached. T = 25.5° C,pH =7, C = 1300 pscm'.
Literature data: s = oligotrophic.

Reports from México: First report.

Source - MNHMN Paris
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Cymbella mexicana (Ehrenberg) Cleve 1894 (Fig. 3, f)

Length 51.2-160 pm; width 18.08-38.87 pm: density of central striac 6-8/10 um: striae at
the poles 9-10/10 pm; puncta 11/10 pm.

Localities: Puente de Dios.

Ecological data: Periphytic, epiphytic. T = 25° C,pH = 7.

Literature data: smalle than reported by Patrick & Reimer (1975): length §0-165 pm; width
24-33 pm. pH iphi ; hs = oligohalob lophit s = rheophil rheo-
biontic; gh = river, spring, diatomaceous carth; sh = periphytic; ts = mesathermal,
Calcareous water.

Reports from Méxica: Tlaxcala (Quintana, 1961); State of México (Texcoco, Bradbury,
1971; Ehrenberg, 1870); Guanajuato, Michoacan (Ortega, 1984); Hidaigo (Tulancingo,
Ehrenberg, 1870; Ortega, 1984); Central México (Metealfe, 1985, 1988); San Luis Potosi
(Cantoral, 1990, 1993; Canloral-Uriza & Montejano-Zurita, 1993; Carmona, 1993);
Morelos (Valadez, 1992); Puebla (Tehuacéan, Cuesta, 1993).

Cymbella muelleri Hustedt 1938

Length 41 pm: width 10.5 ym; density of central striae 7/10 pm; 6-7/10 pm at the poles.
Localities: Nacimiento El Salto.

Ecological data: Periphytic, unattached. T =25.5° C, pH = 7, C = 1300 ps cm iy
Literature data: pH = alkaliphilous; gh = streams; ts = euthermal, mesotherma!. Conduc-
tivity 400-20,000 ps e’ Total phosphates 0.02-0.83 mg I''. Calcareous water.

Reports from México: Central México (Metcalfe, 1985, 1988); Pucbla (Tehuacin, Tharra,
1992).

Cymbella silesiaca Bleisch in Rabent 1864

Length 29.04-31 um (80 um); width 8-9.42 pm (20 umy; density of dorsal striae 7/10 pm;
ventral striae (11) 14-16/10 pm,

Localities: Puente de Dios.

Ecological data: Periphytic. unattached. T = 25° C, pH = 7.

Literature data: pH = indiff iphil hs = oligohalot

il = ns = eutrophic,
oligotrophic; ¢s = rheophilous: gh = spring, pond, river, acrophilous; sh = periphytic.
epilithic.

Reports from México: Central México (Metcalfe, 1985. 1988); San Luis Potosi (Carmona,
1990, 1993; Cantoral-Uriza & Montejano-Zurita, 1993); Oaxaca (Tavera, Elster & Mar-
van, 1994).

Cymbella tumida (Brébisson) Van Heurck 1880 (Fig. 3, g)

Length 65-70 um; width 17-18 pm; density of striae 9-10/1¢ pm; 11-12/10 pm at the poles.
Puncta 16-20/10 pm.

ocalities: Huichihuayan, Choy.
Ecological data: Periphytic,
Literature data: pH = |

ached. T = 20-27° C, pH = 7-7.6, C = 300-800 ps cm’
4 ismisnltoliEalElEs hil o

o probi p. 5 ¢s = indi ; gh = rivers, lakes, spring,
pond. aerophilous, edaphic: sh = periphytic, epilithic, epiphytic: euthermal, mesother-
mal, metathermal. Conductivity 400-20,000 ps cm™. Total phosphates 0.02-0.29 mg 1"
Low level of organic matter.

Source  MNHN Paris
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Reports from México: Central México (Kusel-Fetzmann, 1973; Metcalfe, 1985, 1988);
Qaxaca (Tavera & Gonzélez-Gonzalez, 1990); Morelos (Valadez, 1992); San Luis Potosi
(Carmona, 1993).

Diploneis elliptica (Kiitzing) Cleve 1891 (Fig. 3, h)

Length 32.75-35.28 pm; width 15.75-18.76 um; costae 9-11/10 pm, with a simple row of
alveoli.

Localities: Nucimiento El Salto.

Ecological data: Periphytic, epipelic, unatiached. T = 25.5° C, pH =7, C = 1300 ps em™’,
Literature data: pH = a]ka]iphiluus, indiflerent: hs = oligohalobous; ss = saproxenous; cs
= limnophilous; gh = lakes, river, springs, pond, aerophilous; sh = euplanktonic, periphy-
tic; ts= mesothermal, oligothermal, metathermal. Conductivity 400-20,000 ps em’. Total
phosphates 0,02-0.57 mg I'!. Low level of organic matter.

Reports from México: State of México (Texcoco, Bradbury, 1971); Central México (Met-
calle, 1985, 1988); San Luis Potosi {Cantoral, 1990, 1993; Cantoral-Uriza & Montgjano-
Zurita, 1993).

Diploneis ovalis (Hilse) Cleve 1891 (Fig. 4, a)

Length 14-22.5 um; width 9-11.5 pm; density of striae 9-10/10pum in the center:
10-11/10 um at the poles.

Localities; Nacimicnio El Salto.

Ecological data: Penphytm unattached. T = 25.5° C, pH =7, € = 1300 ys o™
Literature data: pH hs = s =T gh= aerophl-
lous, spring, peat bog, sh = periphytic: epipelie, ephllxlhxc 1s = euthermal, Conductivity
3001-5000 ps cm'. Total phosphates 0.30-0.57 mg

Record from México: Michoacan (Patzcuaro, Huu.hlmon, Patrick & Deevey, 1956);
Morelos (Valadez, 1992); Puebla (Tehuacdn, Cuesta, 1993).

Gomphonema angustumn Agardh 1831 (Fig. 4, b)

Length 52.8-68.29 ym (87.76 um); width 7.52-7.84 um (12 um); density of striae
9-10/10 pm in the center; 10-L1/10 pm at the poles.

Localities: Nacimiento El Salto.

Ecological data: Periphytic, unaitached. T = 25.5° C, pH =7, C = 1300 ps cm™'.
Literature data: pH = alkaliphilous.

Reports from México: First report.

Gomph gracile Ehrenberg 1838

Length 48.5-60 pm; width 8.74-10 um; density of striac 11/10 pm in the center.
Localities: Puente de Dios, Huichihuayan, Choy
Ecological data: Periphytic, eplphyt!c T 20-27°C.pH=7-8,C= 300- 800 ns cm
Literature liaﬂ H hi = ” us. e
b phobic; ns = hic; cs = i biontic, imno-
philous, rheophl]ous gh = nver lagoons, waterfalls, natural wells, hil sh =
euplanktonic, penrphytlc epipelic. epiphytic: ts = euthermal, mesothermal. Conducuvl!y
400-20,000 ps cm™'. Total phosphates 0.02-0.57 mg 1.

Source - MNHN Paris
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Reports from México: Hidalgo, Puebla, State of México (Ixtlahuaca, Ehrenberg, 1870);

t an (Patzcuaro, Hutchi Patrick & Deevey, 1956); State of México (Texcoco,
Bradbury, 1971); Central México (Kusel-Fetzmann, 1973; Metcalfe, 1985, 1988); Coa-
huila, Guanajuato, Hidalgo, Jalisco, Michoacan (Ortega, 1984); San Luis Potosi (Car-
mona, 1993); Oaxaca (Tavera, Elster & Marvan, 1994).

Gomphonema grunowii Patrick 1975

Length 37.2-41.1 pm; width 9.44-9.92 um: density of striae 16/10 pm in the center;
12-13/10 pm at the poles.

Localities: Choy.

Ecological data: Periphytic, epiphytic. T = 26-27° C, pH = 7-7.6, C = 800 ps cm ™"
Literature data: pH = alkaliphilous; ts = mesothermal. Conductivity 400-3000 ps cm .
Total phosphates 0.02-0.29 mg [

Reports from México: Central México {Patrick & Reimer. 1975; Metealfe, 1985, 1988);
Hidalgo (Ortega, 1984); San Luis Potosi (Carmona, 1993).

Gomph de Lange-Bertalot 1979

Length 33.22-40.68 pm; width 8,14-9.72 ym: density of striae 7-8/10 pm in the center,
8/10 pm at the poles.

Localities: Nacimiento El Salto,

Ecological data: Periphytic, unattached, T = 25.5° C, pH = 7, C = 1300 ps cm™",
Literature data: ss = mesosaprobic; ns = eutrophic, mesotraphic,

Reports from México: First report.

Gomph t Ehrenberg 1832 (Fig. 4, ¢)

Length 30-85 pm; width 7-1t pm; density of striae 8-11/10 pm in the center.
Localities: Puente de Dios, Huichihuayan.

Ecological data: Peri 1phvuc. unatlached T= 20 ‘75= C pH =7-7.2.C =300 psem™
Literature data: pH = hs= s8= bic; cs = indiffe-
rent; ts = mesothermal.

Reports from México: Hidalgo (Ehrenberg, 1870); Hidalgo (Mineral del Monte, Ortega,
1984); Morelos (Valadez, [992).

Gyrosigma i {Kiitzing) Rabenh 1853

Length 98.4-102 pm; width 14-16.7 um; density of striae 16-18/10 um transverse;
18-19/10 um longitudinal.

Localities: Nacimiento El Salte, Huichihuayan.

Ecological data: Periphytic, epilithic, unattached. T = 20-25.5°C, pH = 7-7.2, C =
300-1300 pscm’

ns = E; 3 gh = river, spnng, pond |mgat|on c.hanne]
gully, reservoir: sh panphym spxphym. Calcareous water.

Reports from México: Puebla (Tehuacan, Novelo, 1985); San Luis Potosi (Cantoral, 1990,
1993; Cantoral-Uriza & Montejano-Zurita, 1993; Carmona, 1993).

Source  MNHN Paris
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Gyrosigma nodiferum (Grunow) Reimer 1966 (Fig. 4, d)

Length 80.8-82.17 um; width 13.5-14.72 um; density of striae 19-20/10 ym transverse;
22-23/10 pm longitudinal. Central area oblique, 6.4-7.7% pm length.

Laealities: Nacimiento El Salto.

Ecological data: Periphytic, unattached. T=25.5°C,pH =7,C = 1300 pscm ™',
Literature data: hs = oligohalobous; ss = mesosaprobic; gh = ponds.

Reports from Meéxico: San Luis Potosi (Cantoral, 1990, 1993; Cantoral-Uriza &
Montejano-Zurita, 1993).

Gyrosigma scalproides (Rabenhorst) Cleve 1894

Length 52.2 ym; width (0.7 um; density of striae 20/10 um transverse; 28-31/10 pm

longitudinal.

Localities: Huichihuayan, Puente de Dios,

Ecological data: Periphytic, unattached. T = 20-25° C, pH = 7-7.2. C = 300 ps em™’.

Literature dntn pH = alkallblonuc s = oligohalobous: haloplulous ss = oligosaprobic,
s =1 ns= gh = river, lakes, irrigation

channel, gully, ponds, springs, aerophilous; sh = penphyllc epiphytic.

Reports from México: Central México (Metcalfe, 1985, 1988); Oaxaca (Tavera, Elster &

Marvan, 1994).

Gyrosigma spenceri (Quekett) Griffith & Henfrrey 1856 (Fig. 4, €)

Length 76-94.5um; width 10.5-13.5 pm; density of striac 18-20/10 pm transverse;
17-22/10 um longitudinal.

Localities: Nacimiento EI Salto.
Ecological data: Periphytic. unaita
theraturedala pH =
bic; gh = river. fossil sediments.

Reports from México: Central México (Metcalfe, 1985, 1988); State of México (Texcoco,
Bradbury, 1971); Morelos {Valadez, 1992).

ched. T = 255°(, pH=7,C= 1300 ps cm™'.
B 88 = -

Navicula charlatii Peragallo 1921

Length 28 8-30 um; width 10.35-11 pm; density of striae 15-16/10 pm.
Localities: Huichihuayan.

Ecological data: Periphytic, T = 21-22° C, pH 7.
Literature data: pH = indifferent; gh = river; Iytic.
Reports from México: Central México (Melcdl(s ]935 1988) San Luis Potosi (Carmona,
1993).

Navicula pseudotuscula Hustedt 1943

Length 34 pm; width 12 pm; density of striae with punctae 15/10 pm.

Localities: Nacimiento El Salto.

Ecological data: Periphytic, unattached. T = 25.5° C, pH = 7, C = 1300 ys em’'.
Literature data: ikalibiontic: ss = oligasaprobic.

Reports from México: First report.

Source ' MNHN Paris
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Navicula radiosa Kiitzing 1844

Length {42.4 pm) 63.75-70 pm; width (10 pm) 11.25-12 pm; density of striag 9-12/10 pm
in the center; 11/10 pm at the poles.

Localities: Nacimiento El Salto, Puente de Dios.

Ecological data: Penphyuc una(lached T 25-25.5°C,pH =17, C= 13()0 s em!
Literature data: pH = al us, alk h b

uhgu-
gh = river,
= Luplanktumc, penphyuc

= T i N s
lakes, pond, alpine lakes, spring, thick wall, aerophitor
epilithic; ts = mesothermal, oligothermal, eurythermal.

Reports from Meéxico: Michoacan (Patzcuaro, Huichinson, Patrick & Deevey, 1956,
Ortega, 1984); State of México (Texcoco, Bradbury, 1971); Central México (Metcalfe.
1985, 1988); San Luis Potosi (Cantoral, 1990, 1993; Cantoral-Uriza & Montcjano-Zurita,
1993); Oaxaca (Tavera, Elster & Marvan, 1994).

Navicula viridula (Kiitzing) Ehrenberg 1838 var. rosteflara (Kiitzing) Cleve
1895

Length 42.75 pm; width 9.2 um; density of striae 10/10 um in the center.

Localities: Huichihuayan.

Ecological data: Periphytic, unattached. T = 21° C, pH = 7.

Literature dat: mesosaprobic; sh = periphytic, epipelic.

Reports from México: Central México (Metcalfe, 1985); San Luis Potosi (Carmona, 1993).

Pinnularia mesolepta (Ehrenberg 1843) W. Smith 1853 (Fig. 5, a)

Length 48-54 um; width 10-11 pm; density of striae [1-14/I0pm in the center:
12-13/10 pm at the poles.

Localities: Nacimiento El Sallo.

Ecological data: Periphytic. unattached. T = 25.5° C,pH = 7, C = 1300 ps cm™
Literature data: ss = oligosaprobic.

Reports from México: First report,

Pinnularia viridis (Nitzsch) Ehrenberg 1843 (Fig. 5, b)

Length 80 pm: width 26 um; density of striae 7/10 pm.

Localities: Nacimiento El Salio, Puente de Dios.

Ecological data: Penphyue unattached. T = 25-25.5°C, pH 7 €= 1300 ps em”!
Literature data: pH = ind s hs = diffe euryhd]o-
bous; ss = mesosaprobic; gh = pond, river; sh = pcnphyuc ts = eurythermal. Low-medium
umducuvny

Reports from México: Hidalgo. State of México (Ixtlahuaca, Ehrenberg, 1870); Hidalgo
(Ortega, 1984).

Sowurce : MNHN Paris
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Epithemiaceae Grunow 1860

Epithemia adnata (Kiitzing) Brébisson 1838

Length 42.4 um; width 9.8 pm; density of costae 3-4/10 pm; costae 10-12/10 um separa-
ting rows of alveoli 2-3.

Localities: Choy.

Ecological data: Periphytic, unattached. T = 27° C,pH = 7.

Literature dat: = alkaliphilous, alkalibiontic; hs = oligohalobous; ss = mesosaprobic,
saproxenous; ¢s = indifferent; gl iver, Jakes, spring, aerophxlous, alpine lakes, thick wall;
sh = euplanktonic, tyct tonic penphyuc pipl 3 1s = cuthermal, mesothermal,
eurythermal, Conductivity 400-20,000 ps cm', Total phosphales 0.02-0.57 mg 1.
Reports from Meéxico: Michoacin (Patzcuaro, Hutchinson, Patrick & Deevey, 1956;
Quintana, 1961 Stale of México (Texcoco, Bradbury, 1971; Mendoza-Gonzalez, 1985);
Hidalgo (Ortega, 1984); Central México (Metcalfe, 1985, 1988); Oaxaca (Tavera &
Gonzalez-Gonzalez, 1990); San Luis Potosi (Carmena, 1993).

Rhopalodia gibba (Ehrenberg) O. Miiller 1895 (Fig. 5, ¢)

Length (38.1 pm) 122.5-127.25 um, width 23.75-24.96 pm; with 6-7 rows of alveoli;
density of striae 11-16/10 um. Costae 6-8/10 pm with 2-3 alveoli.
Laucalities: Puente de Dios,

Ecological data; Pmphylu. ummached T 25°C,pH =7.
Literature data: pH = hs=
aligosaprobic: ns = eutrophic: ¢s = rheophll()u> indifferent; gh = river, pnng lakes, gul]y,
fossil sediment, thick wall, aerophilous, pond, natural well of thermal water; sh =
tychoplanktonic, pcnphylr epipelic, epiphytic: ts = euthermal, mesothermal. Conducti-
vity 400-20,000 is e, Total phosphates 0.02-0.83 mg I

Reports from México: Michoacan (Patzcuaro, Huichinson, Patrick & Deevey, 1956);
Tlaxcala (Quintana, 1961) State of México (Texcoco: Bradbury, 1971); Coahuilz,
Michoacin (Ortega, 1984); Puebla, Ouxaca and Veracruz (Avila, 1985, 198Y; Tavera &
Gonzalez-Gonzalez, 1990; Cuesta, 1993; Tavera, Elster & Marvan, 1994); Morclos (Vala-
dez. 1992); Central México (Kusel-Fetzmann. 1973; Mendoza-Gonzalez, 1985; Metcalfe,
1988): San Luis Potosi (Canloral, 1990, 1993; Cantoral-Uriza & Monicjano-Zurita, 1993
Carmona, 1993).

Bacillariaceae Ehrenberg 1831

Denticula valida (Pedicino) Grunow in Van Heurck 1881 (Fig. 5, d)

Length 15.39 um: width 4.68 pm; density of striae 14-20/10 um; costae 4/10 pm.
Localities: Nacimiento El Salto.

Ecological data: Periphytic, unattached, T=25.5° C, pH =7, C = 1300 ps om™.
Literature data: cs = rheophilous; gh = river, spring thermal; mesothermal.

Reports from México: Michoacan and Jalisco (Ortega, 1984); Puebla (Navarro, 1988):
Oaxaca (Tavera & Gonzilez-Gonzalez, 1990); Morclos (Valadéz, 1992).

Source : MNHN Paris
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Denticula tenuis Kiitzing 1844 (Fig. 5, ¢)

Length 15-17 pm; width 3.9-4.5 ym; density of striae 14-18/L0 pm; costae 5-6/10 pm.
Localities: Huichihuayan.

Ecological data: Perlphync unattached. T =21°C, pH=7.

Literature data: ss = oligosaprobic, saproxenous; cs = rheophilous; gh = river; ts =
mesothermal. Calcareous water.

Reporis from México: San Luis Potosi (Carmona, 1993).

Nitzschia hantzschiana Rabenhorst 1860

Length 7.8-20 um; width 6-6.6 pm; density of fibulae 6-7/10 um, striae 13- 14/10 pm.
hbulae ccasionally quite thick, the two central ones more deviated.

: Puente de Dios, Huichihuayan, Choy.

Ecological data: P&,nphyuc unalmx.hcd T 0 27° C. pH = 7 B C = 300-1500 ps em™
Literature data Joii= ; hs 55 = -
ic, 0 NES= e : gh = river, alpme lakes, thick wall. arid
land; sh = ;vcnphyuc ts = euthermal, mesothermal, ohgnlhermal metathermal. Conduc-
lwny 400-5000 s cm” . Total phosphates 0.02-0.57 mg I,

Reports from México: Ccntml México (Metcalfe, 1985 1988); State of México {Texcoco,
Bradbury, 1971); Oaxaca (Tavera & Gonzlez-Gonzalez, 1990) Puebia (Tehuaedn,
Ibarra, 1992); San Luis Potosi (Carmona, 1993).

Nitzschia sinuata (Thwaites ex W. Smith) Grunow 1880

Length 20.25-28 um; width 7.2-8.6 um: density of fibulae 6/10 jum, striac 18-23/(0 um.

Costae 6/10 pm.

Localities: Huichihuayan.

Eco‘loglcal data: Periphytic. epilithic, unattached. T = 20-22° C, pH = 7-7.2, C = 300 s

m

theramrt data mnge of strmc larger than Aeponed by Germain {1981) [8-20/10 pm. pH
a = river; sh = periphytic, epilithic

(«.alc’ueous rocks). Waters m.h in oxygen
Reports from Meéxico: San Luis Potosi (Cantoral, 1990, 1993; Cantoral-Uriza &
Montejano-Zurita, 1993; Carmona, 1993).

Surirellaceae Kiitzing 1844

Campylodi hibernicus Ehrenberg 1845

Diameter of valve 79-88.8 pum; fibules 20-22/100 um.

Localities: Puente de Dios, Huichibuayan.

Ecological data: Periphytic. undudched T =20-25° C. pH =7-7.2, € = 300 s cm!
Literature data: pH = hs = 58 : gh = river,
pond; sh = periphytic.

Reports fram México: San Luis Potosi (Carmona, 1993).

Source MNHN Paris



36 E.A. CANTORAL-URIZA e7 al.

Surirella constricta W. Smith 1851

Length 137.5 um; width 12.3 pm; costae 20/(00 pm.

Localities: Puente de Dios.

Ecological data: Penphym unattached, T = 25°C pH 7.

Literature data: pH = indj ; hs = oligoh ¢s = rheophilous; gh = river,
aerophilous; sh = tychoplanktonic; ts = oligothermal, stenothermal

Reports from México: Central México (Metcaife, 1985, 1988); Puebla (Tehuacan, Avila,
1989); San Luis Potosi (Carmona, 1993).

Surirella linearis var. helvetica (Brun) Meister 1912

Length 59 um; width 18.5 pm; striae 23/10 pm; density of alveoli 22/100 pm.

Localities: Nacimiento El Salto.

Ecological data: Periphytic, unattached. T=25.5° C,pH =7, C = 1300 ps cm™’,
Literature data: hs = oligohalobous; ss = mesosaprobic; gh = river. High conductivity.
Litoral.

Reports from México: First report.

Surirella ovalis Brébisson 1838

Length 147 pm; width 21 pm; density of alveoli 2/10 pm; density of striae 19-20/10 pm.
Loealities: Nacimiento E! Salto.

Ecological data: Pmphylu. unatmched T 25.5°C,pH= 7 C = 1100 Hs t,m
Literature data: pH = hs = ;
mcsosaprobic, oligosaprobic; cs = indifferent; gh = river, spring, pond, gully, dCYOIﬂIl]OUs,
lossil sediments; s! lychopldnklomt. periphytic; ts = euthermal, mesothermal. Conduc-
tivity 400-20,000 us cm™!, Total phosphates 0.02-0.83 mg I

Reperts from México: Central México (Metcalfe, 985, 1988); State of México (Texcoco,
Bradbury, 1971}, Oaxaca (Tavera & Gonzalez-Gonzélez, 1990); Puebla (Tehuacan, Avila,
1989; Ibarra, 1992).

Surirella robusta Ehrenberg 1841

Length 174 um; width 76,95 pm: costae 18-19/100 pm.

Localities: Nacimiento El Salto, Puente de Dios.

Ecological data: Periphytic. unattached. T = 25-25.5° C. pH = 7. C = 1300 pis em’'.
Literature data: pH = indifferent; hs ollguhd]obam s§ = mesosaprobic; gh = river,
reservoir; sh = lychoplankionic. periphytic; ts = euthers

Reports from México: Central México (Metcalfe, 1985, !988) San Luis Potosf (Carmona.
1993).

There is a high coincidence between the values of environmental parameters of
the diatoms found in the Huasleca and those reported in the literature (Tab. 3). With
respect to temperature there are reports in the literature for 31 of the 57 species; of these.
24 coincided with our values (20-27° C. mesothermal or euthermal). 7 of these have been
reported as euthermal; the other 7 have a wide temperature range (eurythermal, oligother-
mal, mesothermal, metathermal to euthermal}. 37 of 41 species with data on pH have been

Source MNHN Paris
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Species A B = D)
Cuclotalla meneghiniar 12
Melosira lineata 1
Actinogyelus normanii 1
Pleurosiva laevis L2

Terpsinoe musica 2

Funoria praerupta var. bidens (2,

Achnanthes inflata L 1 1
Cocoameis pediculis ) 1

Coccaneis placentula vax. placentule 2,3 1
Cocconeis placeniula vax. euglypia 1,
Cocoancis placentula var. lincata 1 1 1 1
Amphipleura lindheimeri 1
Amphiplewra peltucida 13

Amphora ovalis 1 1 12 1
Capartogramma cricicula L

Cymbella cynbiformis 3 L 1
Cymbella gracilis 2 1,2 I

Gombelle mexicanu 2 1 1.2
Combella silesiaca 1
Cymibella mudller 12 1

Cymbella tumida 1.2 1,2
Diplonets ellitica 2 l
Diploneis ovalis 1 1

Fragilaria capucind var. radians 1

Gomphorema angustum 1

Gomphonema gracile 1.2 1.2
Gomphonema grunowii 2 1

Gomphonema truncatum 2 1

Gyrosigma acuminatum 2 1
Gyrosigma nodiferum i
Gyrosigma scalproides 1 2 2,
Gyrasigma spenceri 2

Navicula psendotuscula 2

Pinnularia mesoleptet 1

Pimmdaria viridis
Fpithemia adaia
Rhopalodia gitba
Denticula valida
Denticula teniis
Nirzschia hanizchiana g
Campyladiscus hibernicus 2 2

Surivella constricta 1
Surirella limearts 1
Surirelas ovalss 1 1,2

Surivelli robusta 1 i

o
mn W
Wt
w

Table 3. Values and parameters of the diatoms found in the central rcgiun of México and those
reported in the literature. A Saprobity: | 2 B. Tempera-
ture: 1 cuthermal, 2 mesothermal, 3 curythermal. C pH: 1. a]kdhphﬂumZalkdllbmnm D Salinity:
1 oligohalobous, 2 halophilous

Source - MMNHN Paris
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reported as alka to pH, cor! ding to what we find
in the Huasteca. 20 are reported as prefermg a]kalme pH dnd the other 17 have wide pH
tolerance; the remaining 4 species are to With
respect to sa]muy 23 of lhe 36 specles wuh reports in the literature, are descnbed for low
salinity 13 are us,
indifferent or euryha]cbous Finally, wnlh rebpecl to saprobity, 38 species with reports in
the [mmlurc are described for low concentrations of orgamc matter (mesosaprobic,

and habic). OF thesc, 8 arc strict, oligosaprobic, sapro-
phobic or saproxsnous for sxamp]e Amplnp/eum pellucida, Cymbella rymhr/omm C.
gracilis, Diploneis elliptica. Navicula p . Pinnularia mesol ticula tenuis
and Campylodiscus hibernicus, and 30 have wider tolerance.

DISCUSSION

As a tesult of the comparison of environmental conditions between the species
found in the springs studied, and those reported in the literature, we consider a group al’ 3%
species as potential indicators of one ot more of the parameters considered (Tab. 1),
Several have already been considered as ecological indicators by other authors. For
example, Amphipleura pellucida, Cocconeis pediculus, C. placentula, Cymbella mexicana,
C. muelleri, Denticula elegans, Gomphonema {runcatum, Gyrosigma acuminatum and
Nitzschia sinuata have been considered as indicators of high carbonate concentrations,
while Achnanthes inflata, Cocconeis placentula, Cymbhelia cymbiformis, C. tumida, Diplo-
neis elliptica and Terpsinoe musica, as indicators of low content of organic matter {Patrick
& Reimer, 1966, 1975; Tavera, Elster & Marvan, 1994), Of the species reported as
indicators of water with high conductivilty Amphera copulata, Cymbella muelleri. C.
tamidu, Diploneis ovalis, Pinnuleria viridis, and Surivella linearis var. helvetica are examples
{Krammer & Lange-Bertalot. 1986, 1988). Amphipleura pellucida, Cymbella cymbiformis
and Rhopalodia gibba have been reported for non contaminated waters (Aboal, 1989a,
1989b).

Terpsinoe musica is one of the most abundant species in the springs studied. In
commcntal hdbmm, 1( l\ guncrdlly reslncted to springs and to river sections where
di 2 (Whitford, 1956: Luttenton ez al., 1986;
Valadez- (_r\u et al., 1996). Neverthe]ess, it has also been reported for marine hdblm . and
though not ahunddn(ly also for the Great Lakes (Wujek & Welling, 1981). Therefore it can
be considered euryhalobous. It is not clear whether there arc several morphologically
convergent species or one species with a wide range of tolerance. We do not think the fatter
case is very probable because in freshwater it has been observed only in very restricted
habitats. Culture studies would be required 1o solve this problem. For the remaining
species more ecological studies are required to know the precise ranges ol tolerance.
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Fig. 1, Study localities. 1. Nacimiento El Salto. 2. Choy. 3. Huichihuayan. 4. Puente de Dios.
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Fig. 2. a. Terpsinoe musica. b. Achnanthes inflata without raphe. <. A. inflata with taphe. d. C. pediculics
without raphe. e. Cacconeis pediculuis with taphe. f. C. placentula. g. C. placentula var, lincata with
raphe. h. C. placentula var. lineata without raphe. Scale bar 10 um
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Fig. 3. a. Amphipleura pellucida. b. Amphora copidata. c. Capartogrumma crucicula. d. Cymbella
cymbiformis. e. C. hustedti. f. C. mexicana. g. C. tumida. b. Diploneis elliptica. Scale bar 10 jun.
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a C

Fig, 4. a. Diploneis ovalis. b, Gomphonema angustum. . G. truncatum. d. Gyrosigma nodiferum. e. G.
spenceri. Scale bar 10 pm.

Source - MMNHN Paris



E.A. CANTORAL-URIZA et al,

46

T
A3

T
B SEASRIRRTREEE § H T

P e e

e o® 1Y,

*os LA TIIAR ALY

g

T I}

it
4 b em——————
M////a///ﬁﬂ il

TR TS

Sulitiu

- =
[

ATy

i s.e. D, tenuis. Scale

icul

gibba.d. D

b. P viridis. c.

i

Fig. 5. a. Pinnulari

bar 10 pr.

Source - MNHN Paris



